A novel polyamide thin film composite (PATFC) as a nanofiltration (NF) membrane was prepared by a modified interfacial polymerization (IP) reaction. Herein trimesoyl chloride and piperazine as the reagents, dimethyl sulfoxide (DMSO) as additive and polysulfone (PSF) ultrafiltration membrane as support were used respectively. The main goal of the present study is to improve TFC membrane water flux by addition of DMSO into the aqueous phase of IP reaction, without considerable rejection loss. Morphological, roughness, and chemical structures of the PATFC membrane were analyzed by scanning electron microscopy, atomic force microscopy (AFM), and Fourier transform infrared spectroscopy (FT-IR),
The purpose of the current study is to investigate the role of dimethyl sulfoxide (DMSO) as an additive in the IP which leads to preparation of a high-performance PATFC NF membrane through the solubility expansion. PATFC membrane was prepared by IP of piperazine (PIP) and trimesoyl chloride (TMC) in the presence of triethylamine (TEA) and addition of different amounts of DMSO into the aqueous phase, on the support surface (PSF ultrafiltration membrane, 600 L/m 2 .h.bar). The morphological, topological and chemical characteristics of the resulting membranes were studied by scanning electron microscopy (SEM), atomic force microscopy (AFM), and Fourier transform infrared spectroscopy (FT-IR), respectively.
Finally, the performance of PATFC NF membranes were characterized using filtration separation of aqueous feed solutions containing NaCl, Na 2 SO 4 , and MgSO 4 , and the relationship between salt rejection, water flux, and DMSO additive was discussed.
EXPERIMENTAL Materials
The polysulfone Udel P-1700 (Mn: 17,000 gmole À1 , Aldrich
Co., USA), 1,3,5-Benzenetricarbonyl trichloride (TMC, Merck Co., Germany), piperazine (PIP, Merck Co., Germany), triethylamine (TEA, Merck Co., Germany), N-methyl-2-pyrrolidinon (NMP, Merck Co., Germany), polyethylene glycol (PEG, M.W. ¼ 1,000, 1,500, 2,000, 4,000 and 6,000, Merck Co., Germany), n-hexane (Merck Co., Germany) and dimethyl sulfoxide (DMSO, Merck Co., Germany) were used as received without further purification.
Preparation of PSF membrane support
Polysulfone casting solution was prepared by dissolving 18 wt.% polysulfone in N-methyl-2-pyrrolidinon solvent with 11 wt.% PEG as the pore-former through stirring for 24 h at 70 W C. The stirring was carried out at 500 rpm.
After formation of homogeneous solution, dope solution was held at the ambient temperature for 2 h to remove the air bubbles. The solutions were cast uniformly onto a glass substrate by a hand-casting knife with a knife gap set at 200 μm and then immersed in a coagulation water bath for at least 24 h until most of the solvent and water soluble polymer were removed (Chakrabarty et al. ) .
Preparation of PATFC NF membranes
The preparation process of PATFC membrane is as follows.
First, the support layer was immediately dipped into an aqueous diamine solution containing 2 wt.% piperazine, 0.4 (wt.%) TEA and different amounts of DMSO (0, 2, 4, 6, 8, and 10, wt.%) for 2 min at ambient temperature.
Using a rubber roller excess solution was drained from the dip coated support membrane surface until no liquids remained. Subsequently, the PSF support membrane was clamped between two teflon frames with a 1 cm high and 4 cm × 8 cm inner cavity. Then, the organic solution of TMC (0.1 w/v.% in n-hexane) was poured into the frame where the conventional IP reaction occurred for 1 min.
These membranes were thoroughly washed and stored in deionized water before evaluation studies.
Morphology, roughness, and chemical structure Membranes surface and cross-sectional morphologies were obtained by SEM (SEM KYKY-EM 3200, China).
Membrane surface roughness was studied by atomic force microscopy (AFM, Scanning Probe Microscope, model NanoScope E). FT-IR (IBB-Bomem MB-100, Canada) was used to characterize the presence of specific functional groups on the PATFC membrane surfaces.
Membrane characterization
TFC NF membranes were characterized by measurement of pure water flux, salt rejection of monovalent (NaCl) and multivalent salts (Na 2 SO 4 , MgSO 4 ) with total concentration of 2,000 ppm (2 g/l). The performances of the prepared membranes were analyzed using a batch cross-flow system.
The effective membrane area was 21 cm 2 , and each membrane was subjected to pre-treatment pressure at 4 bar for 1 hour before the permeation experiments. The permeation tests were carried out under ambient condition with the temperature within 25 ± 1 W C and 3 bar pressure. Rejection and permeability were calculated using the following
Permeability ¼ Δv t:p:s where C p (mg/l) is the permeate concentration, C f (mg/l) is the feed concentration, Δv is the permeate volume (L), t is the permeation time (h), p is the operation pressure (bar), and s is the effective membrane area (m 2 ). Concentrations of the salts were obtained through measurements of the conductivity of the aqueous solution using a conductometer (WTW, inoLab Cond 720 series, Germany).
Molecular weight cut-off (MWCO) of PATFC membrane with (6 wt.%) and without DMSO additive was investigated using different molecular weight of PEG molecules. The permeates and the feed solutions of PEG aqueous solutions were analyzed using UV-Vis spectrophotometer (GBC, model Cintra 101, Australia). The effect of pH on membrane charges and performance in basic (pH 11) and acidic (pH 3) condition was investigated.
RESULTS AND DISCUSSION
Membrane physicochemical characteristics Table 1 , which are expressed in terms of the mean roughness (S a ), the root mean square of the Z data (S q ). The mean difference between the highest peaks and lowest valleys (S z ) were calculated by AFM images and Nanoscope software.
The surface seems to be rougher with IP of PIP and TMC and formation of PA skin layer onto the PSF membrane surface which is due to the ability of PIP-TMC reactants to form a three-dimensional cross-linked structure on the The peaks at 2,965 and 2,925 cm À1 are assigned to the stretching vibration of C2 2H aliphatic, also bonds around 1,584 and 1,489 cm À1 belong to C5 5C in aromatic rings.
The symmetric and asymmetric stretching vibration of S5 5O bonds appeared in 1,323 and 1,149 cm À1 . In addition, the peak at 1,242 cm À1 was associated with the C2 2O2 2C stretching vibration in the PSF structure.
The characteristic hydroxyl peak, which appears at around 3,450 cm À1 , is due to the partial presence of PEG.
This indicates that a few percent of PEG remain in the membrane matrix after precipitation (Puro et al. ) . Filtration experiments were performed using NaCl, Na 2 SO 4 and MgSO 4 (total concentration of salts 2,000 ppm) as feed solutions. The effect of variation in DMSO concentration on pure water flux and salt rejection is shown in In this case, the variations of salt rejection were apparently due to Donnan exclusion change, rather than structural changes in the surface layer. As shown in Figure 7 , salt rejection of membrane changes from R Na 2 SO 4 > R NaCl > R CaCl 2 at pH ¼ 11 to R CaCl 2 > R Na2SO4 > R NaCl at pH 
CONCLUSION
In this study, we showed that the presence of DMSO during IP affects the performance and morphology of prepared PATFC membranes. Water and n-hexane are two immiscible phases. DMSO has a solubility parameter between water and n-hexane solutions. Hence, addition of DMSO into the aqueous phase increased the solubility of two phases.
A rise in miscibility leads to an increase in mass transfer of diamines to organic phase, and subsequently an ascent in the membrane roughness and effective area. In the presence of 6% DMSO in IP reaction of PA layer on the PSF support, water permeability was increased, up to 46%, while salts rejection remained approximately constant. 
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